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Thelocal anesthetiic activity of 16 basic alkyl esters of pyrrolidine
dicarboxylic acid has been reported by Schaffer and Loomis.2 The
present report is concerned with further studies on the local anes-
thetic activity and the toxicity of one compound from this group.
This compound, the di-(P-diethylaminoethyl) ester of 1-benzyl
2, 5-dicarboxy pyrrolidine, has been selected from the group because
of its high local anesthetic potency as measured by the rabbit cornea
method and its low toxicity as measured by the LD50 (intraperi-
toneal) in mice. Hereafter the compound under study will be
referred to as thebenzyl compound.
Sinha' has suggested that the most satisfactory method of deter-
mining the relative anesthetic potency of two compounds is to adjust
the concentrations of the compounds so that they produce the same
effect. In this study, procaine hydrochloride was used as the control
drug and its concentration was kept constant. The concentration of
the benzyl compound was varied until it produced an effect equal to
that produced by the procaine solution.
Methods
The anesthetic potencies of procaine and the benzyl compound were com-
pared by methods involving, respectively, intrathecal instillation, nerve block,
and the intradermal wheal.
Spinal motor paralysis was determined in the rabbit by the procedure out-
lined by Bieter et al.1 The animal was placed in a hammock and 0.02 cc. of
the anesthetic solution per centimeter of spinal length were injected into the
subarachnoid space at the level of the fourth lumbar space. The onset of
paralysis occurred within one to two minutes following the injection. The
animal was then placed on the floor. Loss of motor function of the hind legs
was manifested by the following signs. The hind legs were flaccid, the tail
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dropped to the floor, and the animal supported itself with its front legs; fre-
quently dragging itself along by the use of its front legs only. As motor
function began to return, the tail would be lifted from the floor and the ani-
mal gradually became able to support itself with its hind legs. In these
experiments the duration of motor paralysis was taken as the nearest five-
minute period after injection when all of the above symptoms had disappeared.
Each rabbit was used for only one injection.
Motor paralysis was determined also by a method involving sciatic nerve
block. Adult guinea-pigs were tied to an animal board and the area over the
sacrum and innominate bones was clipped free of hair. The boneyprominences
of the sciatic notch in each innominate bone served as a guide for the site
of injection. One-half cubic centimeter of the anesthetic solution was injected
into the area of one sciatic notch in the immediate vicinity of the nerve. Pre--
vious experiments on guinea-pigs in which dye solutions were injected at this
site showed, on autopsy, that the experienced operator could repeatedly bathe a
scction of the sciatic nerve in the dye solution by this procedure. Motor
paralysis was determined on the basis of several simple tests which were made
at five-minute intervals following the injection. If motor anesthesia was com-
plete, the leg on the injected side showed a loss of resistance to manual flexion
at the ankle. Furthermore, the leg was not withdrawn reflexly, and the toes,
would not spread apart when the leg was pulled or stroked by the operator.
When the animal was placed on a table the injected leg would lie nearly at a
right angle to the flank of the animal. As the motor paralysis diminished,
these tests retur-ned to normal, as compared with the uninjected side. Because
some of the animals failed to show all of these symptoms, the results obtained
are based on such of these symptoms as were present., The duration of motor
paralysis was recorded as the nearest five-minute interval when all of the symp-
toms had disappeared.
Guinea-pig and human wheal methods were used for determining sensory
anesthesia.3 The guinea-pig method which was used is outlined in a previous.
paper.2 In the human wheal expenrments, 0.1 cc. of the anesth-etic solution
was injected intracutaneously in the volar surface of the forearm. At five-
minute intervals following the injection, galvanic shocks from an inductorium,,
which were of minimal but definitely perceivable strength when applied to
the normal skin of the forearm, were applied to the immediate area of the
wheal. Inability of the subject to detect the shock when it was applied to the
imme-diate area of the wheal was taken as evidence of sensory anesthesia. The
duration of anesthesia was recorded as the nearest five-minute interval follow-
ing the injection when the subject was again able to detect the stimulus at the
site of injection. Normal saline controls were made in all experiments.
The compounds were used as the hydrochlorides in solution in physiologi-
cal saline. A 20 per cent stock solution of the benzyl compound was made by
neutralizing the basic ester with normal hydrochloric acid and diluting the
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solution with 0.9 per cent saline. This stock solution was further diluted with
physiological saline for use in the experiments. Although previous experi-
ments indicated that both 1.0 and 0.25 per cent solutions of the benzyl com-
pound had not diminished in anesthetic potency after standing in the refriger-
ator for 20 days, the stock solution was prepared within one week and the
diluted test solution within three days of the time when the experiments were
conducted. The solutions which were used for injection were neutral to
litmus paper.
Results
Figure 1 shows the results obtained by the various methods.
The means and standard errors, together with the corresponding
statistical t-values, are given in table 1. The t-values indicated no
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In the human intracutaneous wheal experiments, the right arm was used rabbits or by the for procaine and the left arm for the benzyl compound.
human wheal
technic. Solutions of these compounds (2.5 per cent) produced
durtions of anesthesia in the guinea-pig whieal method which were
not significantly different. (In this latter method one per cent
solutions produced anesthesia of such shor,t duration that the period
of termination of anesthesia was not definite: therefore the concen-
trations were increased to 2.5 per cent.)
In the nerve block experiments on guinea-pigs it was found that
the duration of the motor paralysis produced by a one per cent
solution of the benzyl compound was significantly less than that
produced by a one per cent solution of procaine HCl (the t-value
was 3.6). A two per cent solution of the benzyl compound pro-
duced a duration of motor paralysis which was not significantly
167YALE JOURNAL OF BIOLOGY AND MEDICINE
different from that produced by one per cent procaine HCl (see
table 1).
Normal saline controls were also performed for each of the
methods used. Such control injections failed to produce any of the
TABLE I
DURATION OF ANESTHESIA PRODUCED BY PROCAINE HCI AND THE BENZYL
PYRROLIDINE COMPOUND AS MEASURED BY DIFFERENT METHODS
Duration
Number mean and
Conen- of standard
tration deter- deviation
Method Compound (%so) minations (minutes) t-value
Procaine HCI 1 10 32.043.4
Spinal (Rabbit) 1.3
Benzyl comp. 1 10 38.043.4
Procaine HCI 1 10 37.5±2.3
Sciatic block o.s,
(Guinea-pig) Benzyl comp. 2 10 33.543.3
Procaine HC1 2.5 10 39.542.3
Wheal (Guinea-pig) 0.3
Benzyl comp. 2.5 10 38.542.2
Procaine HC1 1 10 25.542.0
Wheal (Human) 1.0
Benzyl comp. 1 10 28.542.4
signs of anesthesia in all of the methods except in the human wheal
method, where it produced partial to complete anesthesia in 5 of
the 10 subjects. However, the duration of such anesthesia was never
longer than 10 minutes. It may be seen from Fig. 1 that in all
of the experiments using the benzyl compound or procaine the
duration of anesthesia was longer than 10 minutes.
The only sign of irritation in the human wheal experiments was
that of an immediate erythema covering an area of 1 to 2 cm.
around the site of the injection. One per cent solutions of both the
procaine and benzyl compounds produced this sigrn of irritation in
all subjects. This erythema disappeared within 1 to 1X hours after
the injection. There were no subsequent signs of tissue destruction
in the human experiments.
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There were no immediate signs of tissue irritation in the guinea-
pig experiments. However, when the animals were observed over
a period of two weeks, signs of local tissue destruction were seen at
the site 'of injection. At the end of the two-week period following
the injections of 2.5 per cent solutions, 6 of the animals injected
with procaine and 7 of those injected with the benzyl compound
showed firm nodules 2 to 3 mm. in diameter at the site of injection.
One per cent solutions of these compounds showed no subsequent
signs of tissue reaction in 5 animals.
Summary and conclusions
1. The anesthetic activity and toxicity of the di-(P-diethyl-
aminoethyl) ester of 1-benzyl 2, 5-dicarboxy pyrrolidine were
studied by methods involving intrathecal instillation, nerve block,
and the intradermal wheal.
2. The duration of motor paralysis or sensory anesthesia pro-
duced by one per cent solutions of procaine hydrochloride and of
the benzyl pyrrolidine compound in the rabbit spinal or the human
wheal experiments were not significantly different. Two and one-
half per cent solutions of these compounds produced similar dura-
tions of anesthesia in the guinea-pig wheal experiments. A two
per cent solution of the benzyl compound produced motor paralysis
of similar duration to that produced by one per cent procaine hydro-
chloride in the sciatic nerve block experiments.
3. One per cent solutions of either procaine or the benzyl
compound produced no signs or symptoms of irritation when injected
intraspinally in rabbits or subcutaneously in guinea-pigs. Two and
one-half per cent solutions of these compounds showed equal signs
of tissue irritation when injected intracutaneously in guinea-pigs.
One per cent solutions produced equal immediate signs of irritation,
but no subsequent signs of tissue destruction when injected intra-
cutaneously in man.
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